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The following Supporting Information is available for this article: 
Figure S1 Scatter plots (lower diagonal), histograms (diagonal) and correlations (Spearman, 
upper diagonal) for δ13C measured in trial P10. 
Figure S2 Phenotypic correlation network for trial P10.  
Figure S3 LOD score plotted along LG4 for δ13C traits measured on trial P10: DS1 (orange), 
RS2 (blue) and DS2 (red).  
Figure S4 Illustration of heteroblasty (different leaf forms depending on age) for one single 
genotype (tree #504).  
 
Table S1 Characteristics of the genetic maps for both parents (E. urophylla and E. grandis).  
Table S2 Climatic variables recorded in trial P10 over two dry seasons (DS1 and DS2) and 
one rainy season (RS2).  
Table S3 Summary of growth traits for trial P10.  
Table S4 Spearman correlation coefficients between δ13C and growth traits for all trials: P93, 
P97 and P10.  
Table S5 Result of the GO terms enrichment analysis for genes underlying δ13C QTL regions 
detected in trial P10 (DS1, RS2 and DS2 
Table S6 List of gene IDs underlying δ13C-QTL region detected for each season (DS1, RS2 
and DS2).  
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Figure S1 Scatter plots (lower diagonal), histograms (diagonal) and correlations (Spearman, 
upper diagonal) for δ13C measured in trial P10. 
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Figure S2 Phenotypic correlation network for trial P10. Line widths represent the intensity of 
the correlation. Non-significant correlations are not shown. Height (HT) related traits are in 
red, diameter (D) in green and δ13C in blue. 
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Figure S3 LOD score plotted along LG4 for δ13C traits measured on trial P10: DS1 (orange), 
RS2 (blue) and DS2 (red). The LOD peak for each trait is represented by a vertical line. 
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Figure S4 Illustration of heteroblasty (different leaf forms depending on age) for one single 
genotype (tree #504). In Eucalyptus hybrids grown in the Republic of Congo, heteroblasty is 
combined with a seasonal effect (dry vs. rainy seasons). Left: 10-month-old fully extended 
leaves sampled at the end of the first dry season (DS1). Centre: 18-month-old fully extended 
leaves sampled at the end of the second rainy season (RS2). Right: 22-month-old fully 
extended leaves sampled at the end of the second dry season (DS2) 
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Table S1 Characteristics of the genetic maps for both parents (E. urophylla and E. grandis). 
The component maps (P93 and P97) used to build the consensus maps are also indicated. 
  E.u   E.g   E.u E.g 
  P93
 a
 P97
 a
  Consensus 
b
   P93
 a
 P97
 a
  Consensus 
b
   P10 
c
 P10 
c
 
Number of genotypes 201 190 -  201 190 -  1,025 
Number of LGs 11 13 11   11 11 11   11 11 
Map length (cM) 1502 1179 1609   1270 1021 1370   885.9 821.7 
Average LG length (cM) 137 91 146.3   115 93 124.5   80.5 74.7 
Number of framework 
markers 
146 106 180   118 86 147   1773 1832 
Mean distance between 
markers 
11 15 10.3   12 15 9.8   0.65 0.58 
Number of common markers 
between P93 and P97 maps 
72 -  57 -  - 
Number of bridge markers 
with P10 maps 
- 145  - 118  - 
a
 from Bartholomé et al. 2013  
b
 this study 
c
 from Bartholomé et al. 2014 
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Table S2 Climatic variables recorded in trial P10 over two dry seasons (DS1 and DS2) and 
one rainy season (RS2). Data correspond to the averages computed over a 30-day period 
before leaf sampling for δ13C measurement, as well as over the whole season. 
  
30 days before sampling   Whole season 
DS1 RS2 DS2   DS1 RS2 DS2 
TC 21.9 25 23.0 
 
21.9 24.9 22.2 
VPD 1,028 935 717 
 
1,026 1,129 856 
RG 14.3 15.3 13.3 
 
14.1 18 13.6 
PP 3.8 131.6 37.8 
 
20.4 846 61.6 
SWC  15 0.046 0.093 0.049 
 
0.047 0.077 0.053 
SWC  50 0.05 0.084 0.046 
 
0.053 0.074 0.055 
SWC  100 0.06 0.093 0.060 
 
0.071 0.084 0.07 
SWC  200 0.075 0.085 0.067   0.082 0.086 0.078 
Temperature in degrees Celsius (TC), relative humidity as a % (RH), vapour pressure deficit in Pa 
(VPD), precipitation in mm (PP), solar irradiance in MJ/m²/d (RG) and soil water content in m³/m³ 
(SWC) measured at depths of 15, 50, 100 and 200 cm. 
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Table S3 Summary of growth traits for trial P10.  
Traits Season N Min Max Mean SD CVp 
HT3 - 220 0.18 0.9 0.58 0.13 0.23 
HT10 - 220 0.6 5.5 2.92 0.85 0.29 
HT18 - 216 5 12.3 9.09 1.34 0.15 
HT22 - 220 6.1 14.5 11.14 1.47 0.13 
HT3_10 - 220 0.04 0.66 0.32 0.11 0.34 
HT10_18 RS2 216 0.36 0.9 0.71 0.09 0.13 
HT18_22 DS2 216 0.19 0.83 0.5 0.11 0.22 
D3 - 214 1.2 11.7 5.54 1.95 0.35 
D6 - 218 3.9 38.9 20.62 6.4 0.31 
D10 - 220 7 78 41.24 13.19 0.32 
D15 - 220 22 116 76.34 16.1 0.21 
D18 - 219 54 148 99.27 19.14 0.19 
D22 - 219 55.5 171.5 116.8 21.11 0.18 
D3_6 RS1 212 0.9 10.27 5.03 1.72 0.34 
D3_10 - 214 0.79 9.11 4.91 1.68 0.34 
D6_10 DS1 218 0.54 8.94 4.57 1.85 0.41 
D10_15 RS2 220 2.88 9.67 6.75 1.11 0.16 
D10_18 RS2 220 3.52 9.39 6.64 1.13 0.17 
D15_18 RS2 218 1.3 10.03 6.1 1.51 0.25 
D18_22 DS2 218 1 7.57 4.26 0.99 0.23 
N: number of trees, Min: minimum, Max: maximum, mean, SD: standard deviation, CVp: coefficient 
of phenotypic variation, HT: height in m, D: diameter in mm, DS: dry season, RS: rainy season. 
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Table S4 Spearman correlation coefficients between δ13C and growth traits for all trials: P93, 
P97 and P10. Significant correlations are indicated by *. Height: HT, Diameter: D, 
Circumference: C 
Traits P93 
 
Traits P97 Traits P97   
Traits 
P10 
HT14 0.18     HT7 0.07   C7 0.02     DS1  
RS2 
 
DS2   
HT26 0.17     HT8 0.06   C8 0.08     HT3 0.11   -0.02   0.09   
HT39 0.17     HT9 0.01   C9 0.08     HT10 0.3 * 0.12   0.17 * 
HT51 0.11     HT10 -0.01   C10 0.11     HT18 0.21 * 0.05   0.23 * 
HT59 0.08     HT11 0.05   C11 0.13     HT22 0.19 * 0.04   0.21 * 
HT14_26 0.04     HT12 0.08   C12 0.13     HT3_10 0.29 * 0.12   0.16 * 
HT26_39 0     HT13 0.07   C13 0.14     HT10_18 0.06   -0.03   0.18 * 
HT39_51 -0.09     HT15 0.16   C15 0.16     HT18_22 -0.04   -0.04   0.05   
HT51_59 -0.07     HT18 0.16   C18 0.17 *   D3 0.22 * 0.04   0.16 * 
C14 -0.02     HT21 0.19 * C21 0.16     D6 0.28 * 0.05   0.14 * 
C26 0.01     HT24 0.15   C24 0.14     D10 0.29 * 0.1   0.19 * 
C39 -0.03     HT27 0.11   C27 0.13     D15 0.23 * 0.11   0.23 * 
C51 -0.05     HT30 0.09   C30 0.13     D18 0.19 * 0.09   0.22 * 
C59 -0.1     HT34 0.08   C34 0.1     D22 0.18 * 0.1   0.2 * 
C14_26 -0.04     HT44 0.1   C44 0.11     D3_6 0.27 * 0.04   0.11   
C26_39 -0.1     HT52 0.11   C52 0.13     D3_10 0.28 * 0.09   0.17 * 
C39_51 -0.13     HT62 0.09   C62 0.13     D6_10 0.22 * 0.11   0.17 * 
C51_59 -0.28 *   HT7_8 0.01   C7_8 0.07     D10_15 -0.08   0.1   0.18 * 
        HT8_9 -0.05   C8_9 0.02     D10_18 -0.02   0.07   0.19 * 
        HT9_10 -0.03   C9_10 0.08     D15_18 0.06   0.02   0.15 * 
        HT10_11 0.16   C10_11 0.09     D18_22 -0.03   0.02   0   
        HT11_12 0.15   C11_12 0.05                   
        HT12_13 0.07   C12_13 0.1                   
        HT13_15 0.2 * C13_15 0.11                   
        HT15_18 0.15   C15_18 0.15                   
        HT18_21 0.12   C18_21 0.06                   
        HT21_24 -0.08   C21_24 0.06                   
        HT24_27 -0.14   C24_27 0                   
        HT27_30 0.03   C27_30 0.09                   
        HT30_34 0.13   C30_34 0.03                   
        HT34_44 0.1   C34_44 0.12                   
        HT44_52 0.12   C44_52 0.13                   
        HT52_62 0.05   C52_62 -0.02                   
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Table S5 Result of the GO terms enrichment analysis for genes underlying δ13C QTL regions detected in trial P10 (DS1, RS2 and 
DS2). P refer to the ontology domain biological process, F: molecular function and C: cellular component. 
 
Region  LG GO ID Name 
Ontology 
domain  
FDR-value 
Nb in 
test 
set 
Nb in 
reference 
set 
Genes ID  
DS1 3 GO:0006987 
activation of signaling 
protein activity involved in 
unfolded protein response 
P 2.32E-06 6 13 
Eucgr.C02048, Eucgr.C02042, Eucgr.C02029, 
Eucgr.C02037, Eucgr.C02031, Eucgr.C02083 
DS1 3 GO:0042406 
extrinsic to endoplasmic 
reticulum membrane 
C 4.00E-06 6 19 
Eucgr.C02048, Eucgr.C02042, Eucgr.C02029, 
Eucgr.C02037, Eucgr.C02031, Eucgr.C02083 
DS1 3, 4 GO:0004521 endoribonuclease activity F 1.29E-04 7 68 
Eucgr.C02048, Eucgr.C02042, Eucgr.C02029, 
Eucgr.D00282, Eucgr.C02037, Eucgr.C02031, 
Eucgr.C02083 
DS1 8 GO:0031957 
very long-chain fatty acid-
CoA ligase activity 
F 7.40E-03 2 0 Eucgr.H00914, Eucgr.H00913 
DS1 8 GO:0007172 signal complex assembly P 1.83E-02 2 1 Eucgr.H00964, Eucgr.H00963 
DS1 8 GO:0009934 
regulation of meristem 
structural organization 
P 2.17E-02 3 14 Eucgr.H00964, Eucgr.H00972, Eucgr.H00963 
DS1 3, 4 GO:0010286 heat acclimation P 3.27E-02 5 86 
Eucgr.C02015, Eucgr.D00286, Eucgr.D00284, 
Eucgr.C02016, Eucgr.C02014 
DS1 4, 8 GO:0006591 ornithine metabolic process P 4.93E-02 2 3 Eucgr.H00899, Eucgr.D00287 
RS2 6 GO:0008506 
sucrose:hydrogen 
symporter activity 
F 2.81E-03 3 2 Eucgr.F04138, Eucgr.F04137, Eucgr.F04144 
RS2 6 GO:0009915 phloem sucrose loading P 2.81E-03 3 2 Eucgr.F04138, Eucgr.F04137, Eucgr.F04144 
RS2 4, 6, 8 GO:0005507 copper ion binding F 1.01E-02 10 363 
Eucgr.F04159, Eucgr.F04158, Eucgr.F04157, 
Eucgr.F04154, Eucgr.F04163, Eucgr.F04162, 
Eucgr.H01991, Eucgr.D01344, Eucgr.F04160, 
Eucgr.D01394 
RS2 6 GO:0015768 maltose transport P 1.01E-02 2 0 Eucgr.F04138, Eucgr.F04137 
RS2 6 GO:0005364 
maltose:hydrogen 
symporter activity 
F 1.01E-02 2 0 Eucgr.F04138, Eucgr.F04137 
RS2 6 GO:0042951 
arbutin transmembrane 
transporter activity 
F 1.01E-02 2 0 Eucgr.F04138, Eucgr.F04137 
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RS2 6 GO:0042950 
salicin transmembrane 
transporter activity 
F 1.01E-02 2 0 Eucgr.F04138, Eucgr.F04137 
RS2 6 GO:0042946 glucoside transport P 1.01E-02 2 0 Eucgr.F04138, Eucgr.F04137 
RS2 6 GO:0009846 pollen germination P 1.01E-02 4 33 
Eucgr.F04138, Eucgr.F04137, Eucgr.F04156, 
Eucgr.F04144 
RS2 6 GO:0046274 lignin catabolic process P 3.83E-02 4 51 
Eucgr.F04154, Eucgr.F04163, Eucgr.F04162, 
Eucgr.F04160 
RS2 6 GO:0052716 
hydroquinone:oxygen 
oxidoreductase activity 
F 3.83E-02 4 51 
Eucgr.F04154, Eucgr.F04163, Eucgr.F04162, 
Eucgr.F04160 
RS2 4 GO:0005094 
Rho GDP-dissociation 
inhibitor activity 
F 4.15E-02 2 2 Eucgr.D01404, Eucgr.D01410 
RS2 4, 6 GO:2000026 
regulation of multicellular 
organismal development 
P 4.29E-02 9 638 
Eucgr.F04138, Eucgr.F04137, Eucgr.D01347, 
Eucgr.D01344, Eucgr.D01376, Eucgr.D01364, 
Eucgr.D01362, Eucgr.D01360, Eucgr.D01370 
RS2 4 GO:0009649 
entrainment of circadian 
clock 
P 4.52E-02 2 8 Eucgr.D01376, Eucgr.D01370 
RS2 4 GO:0010100 
negative regulation of 
photomorphogenesis 
P 4.52E-02 2 8 Eucgr.D01376, Eucgr.D01370 
RS2 4 GO:0010119 
regulation of stomatal 
movement 
P 9.35E-02 3 45 Eucgr.D01376, Eucgr.D01384, Eucgr.D01370 
DS2 2 GO:0030247 polysaccharide binding F 3.67E-14 15 108 
Eucgr.B00805, Eucgr.B00804, Eucgr.B00759, 
Eucgr.B00748, Eucgr.B00758, Eucgr.B00779, 
Eucgr.B00768, Eucgr.B00789, Eucgr.B00797, 
Eucgr.B00794, Eucgr.B00783, Eucgr.B00761, 
Eucgr.B00750, Eucgr.B00782, Eucgr.B00770 
DS2 4 GO:0009816 
defense response to 
bacterium, incompatible 
interaction 
P 4.20E-05 6 34 
Eucgr.D01848, Eucgr.D01899, Eucgr.D01888, 
Eucgr.D01887, Eucgr.D01893, Eucgr.D01890 
DS2 4 GO:0009817 
defense response to fungus, 
incompatible interaction 
P 3.40E-03 5 43 
Eucgr.D01899, Eucgr.D01888, Eucgr.D01887, 
Eucgr.D01893, Eucgr.D01890 
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Table S6 List of gene IDs underlying δ13C-QTL region detected for each season (DS1, RS2 and DS2). For each gene ID, the best 
peptide homologue in Arabidopsis (TAIR) best TAIR (AT_name) is presented with the corresponding e-value and bit score and its 
putative function. 
QTL region GeneID AT_name e-value bit score Function 
DS1 Eucgr.C02014 AT5G10695.1 9E-15 61.6 unknown protein 
DS1 Eucgr.C02015 AT5G10695.1 6E-20 74.7 unknown protein 
DS1 Eucgr.C02016 AT5G10695.1 2E-31 103 unknown protein 
DS1 Eucgr.C02029 AT2G17520.1 2E-132 405 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.C02031 AT2G17520.1 4E-110 345 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.C02037 AT2G17520.1 4E-35 131 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.C02042 AT2G17520.1 8E-138 421 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.C02048 AT2G17520.1 2E-137 419 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.C02083 AT2G17520.1 1E-45 162 Endoribonuclease/protein kinase IRE1-like 
DS1 Eucgr.D00282 AT2G43190.3 5E-84 254 ribonuclease P family protein 
DS1 Eucgr.D00284 AT5G46170.1 1E-177 500 F-box family protein 
DS1 Eucgr.D00286 AT5G46170.1 0 518 F-box family protein 
DS1 Eucgr.D00287 AT5G46180.1 0 713 ornithine-delta-aminotransferase 
DS1 Eucgr.H00913 AT2G47240.2 0 971 AMP-dependent synthetase and ligase family protein 
DS1 Eucgr.H00963 AT1G75820.1 0 1184 Leucine-rich receptor-like protein kinase family protein 
DS1 Eucgr.H00972 AT4G24190.2 0 722 Chaperone protein htpG family protein 
DS1 Eucgr.H00899 AT4G01900.1 7E-54 169 GLNB1 homolog 
DS1 Eucgr.H00914 AT2G47240.2 0 934 AMP-dependent synthetase and ligase family protein 
DS1 Eucgr.H00964 AT1G75820.1 0 1148 Leucine-rich receptor-like protein kinase family protein 
RS2 Eucgr.D01344 AT4G22010.1 0 870 SKU5  similar 4 
RS2 Eucgr.D01347 AT4G28200.1 0 700 unknown protein 
RS2 Eucgr.D01360 AT4G22130.1 0 913 STRUBBELIG-receptor family 8 
RS2 Eucgr.D01362 AT4G22140.2 3E-146 406 
PHD finger family protein / bromo-adjacent homology (BAH) domain-
containing protein 
RS2 Eucgr.D01364 AT1G62360.1 1E-136 394 KNOX/ELK homeobox transcription factor 
RS2 Eucgr.D01370 AT2G32950.1 1E-101 309 Transducin/WD40 repeat-like superfamily protein 
RS2 Eucgr.D01376 AT2G32950.1 3E-141 422 Transducin/WD40 repeat-like superfamily protein 
RS2 Eucgr.D01384 AT1G62400.1 0 621 Protein kinase superfamily protein 
RS2 Eucgr.D01394 AT2G32300.1 2E-20 85.5 uclacyanin 1 
RS2 Eucgr.D01404 AT3G07880.1 1E-47 152 Immunoglobulin E-set superfamily protein 
RS2 Eucgr.D01410 AT3G07880.1 2E-111 320 Immunoglobulin E-set superfamily protein 
RS2 Eucgr.F04137 AT1G22710.1 0 555 sucrose-proton symporter 2 
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RS2 Eucgr.F04144 AT1G71880.1 0 609 sucrose-proton symporter 1 
RS2 Eucgr.F04154 AT5G09360.1 0 575 laccase 14 
RS2 Eucgr.F04156 AT1G71820.1 0 1294 SEC6 
RS2 Eucgr.F04157 AT5G09360.1 4E-113 342 laccase 14 
RS2 Eucgr.F04158 AT5G09360.1 1E-125 374 laccase 14 
RS2 Eucgr.F04160 AT5G09360.1 0 536 laccase 14 
RS2 Eucgr.F04162 AT5G09360.1 9E-170 491 laccase 14 
RS2 Eucgr.F04163 AT5G09360.1 0 561 laccase 14 
RS2 Eucgr.F04138 AT1G22710.1 0 577 sucrose-proton symporter 2 
RS2 Eucgr.F04154 AT5G09360.1 0 575 laccase 14 
RS2 Eucgr.F04159 AT5G03260.1 2E-38 135 laccase 11 
RS2 Eucgr.H01991 AT5G66920.1 0 806 SKU5  similar 17 
DS2 Eucgr.B00748 AT1G18390.1 8E-178 534 Protein kinase superfamily protein 
DS2 Eucgr.B00750 AT1G18390.2 5E-18 82.4 Protein kinase superfamily protein 
DS2 Eucgr.B00758 AT1G66880.1 5E-34 137 Protein kinase superfamily protein 
DS2 Eucgr.B00759 AT1G66940.3 1E-19 87 protein kinase-related 
DS2 Eucgr.B00761 AT1G66940.3 2E-26 104 protein kinase-related 
DS2 Eucgr.B00768 AT1G66940.1 9E-22 92.4 protein kinase-related 
DS2 Eucgr.B00770 AT1G66940.3 7E-27 105 protein kinase-related 
DS2 Eucgr.B00779 AT1G18390.2 1E-22 97.1 Protein kinase superfamily protein 
DS2 Eucgr.B00782 AT5G38260.1 6E-98 314 Protein kinase superfamily protein 
DS2 Eucgr.B00783 AT1G18390.2 1E-12 69.3 Protein kinase superfamily protein 
DS2 Eucgr.B00789 AT1G18390.2 1E-22 97.1 Protein kinase superfamily protein 
DS2 Eucgr.B00794 AT1G25390.1 4E-156 462 Protein kinase superfamily protein 
DS2 Eucgr.B00797 AT1G18390.2 4E-23 98.2 Protein kinase superfamily protein 
DS2 Eucgr.B00804 AT1G66940.1 4E-22 93.6 protein kinase-related 
DS2 Eucgr.D01887 AT4G11650.1 4E-114 326 osmotin 34 
DS2 Eucgr.D01888 AT4G11650.1 4E-114 327 osmotin 34 
DS2 Eucgr.D01890 AT4G11650.1 5E-62 191 osmotin 34 
DS2 Eucgr.D01893 AT4G11650.1 3E-77 232 osmotin 34 
DS2 Eucgr.D01899 AT4G11650.1 4E-79 236 osmotin 34 
DS2 Eucgr.B00805 AT1G18390.2 1E-20 90.9 Protein kinase superfamily protein 
DS2 Eucgr.D01848 AT4G23100.3 0 863 glutamate-cysteine ligase 
DS2 Eucgr.D01899 AT4G11650.1 4E-79 236 osmotin 34 
 
